Whole mycobacterial cells, which are used in Freund's complete adjuvant, besides inducing hypersensitivity to tuberculoprotein, also can elicit hyperreactivity to endotoxins, lymphoid hyperplasia, and allergic polyarthritis in rats. The data reported here demonstrate that a potent water-soluble adjuvant obtained from mycobacterial cell walls is also effective in increasing the immune response to viruses, and that it is free of the toxic effects observed with whole mycobacterial cells.
Adam, Ciorbaru, Petit, and Lederer (1) have shown that a water-soluble fraction extracted from Mycobacteria is capable of increasing the amount of precipitating antibodies and of inducing hypersensitivity to ovalbumin in guinea pigs. The purpose of the present paper is to show that this water-soluble adjuvant (WSA) is also effective in increasing the immune response to viruses and does not exhibit the tuberculin sensitizing and other toxic properties that ensue upon immunization with whole bacterial cells.
All experiments reported in this paper were performed with preparations obtained at Orsay by Adam et al. (1) . Purified cell walls of Mycobacterium smegmatis, M. kansaii, or M. bovis BCG strain (bacille Calmette-Guerin) were treated with lysozyme. Crude WSA (extracted from either of the three strains) was added to Freund's incomplete adjuvant (FIA) and was injected with ovalbumin; this treatment increased the titers of circulating precipitins and agglutinins within 3 weeks after administration to guinea pigs (Table 1) . Additional passive hemagglutination experiments made with ovalbumin-coated sheep erythrocytes (2) confirmed (1) that WSA from M. smegmatis had a stronger adjuvant action than similar amounts of whole bacteria, cell wall, or wax D. Cord factor and Mycoside C were inactive in this respect.
In the following experiments, only material extracted from M. smegmatis was used. The purified fraction will be referred to as WSA, whereas the preparation that has not been filtered on Sephadex gel will be called crude WSA. All dosages are dry weights.
Increased antibody response to viruses Influenza Virus. 10-gram Swiss-Webster random-bred mice were injected subcutaneously with PR-8 influenza virus inactivated by ultraviolet light in water, FIA, or FIA containing various concentrations of WSA. Groups of five mice were bled from the retro-orbital sinus at weekly intervals, starting on day 14 after injection. Hemagglutination-inhibition titrations were done on the pooled sera (2) , and the geometric mean of four titrations was calculated. As is evident in Table 2 It is well established that intravenous administration of killed Mycobacteria to mice produces a pronounced hepatosplenomegaly that reaches a peak around day 14. In the following experiments, mice received either, 300 ug of WSA or of phenol-killed cells (either BCG or M. smegamatis). BCG cells were suspended in saline only, whereas M. smegmatis or WSA were suspended in saline or in 10% Bayol F. All materials were injected intravenously in 0.2 ml, and the animals (eight per group) were killed 14 days later.
As can be seen in Table 4 , BCG produced greater hepatosplenomegaly than M. smegmatis in saline, but smegmatis in mineral oil markedly increased the size of the liver and spleen. In this experiment, an increase of the weight of the lungs was also observed (225 mg 4 31 against 160 mg i 23.6 for the controls) when M. smegmatis was administered with Bayol F. Cord Factor suspended in paraffin oil is also known to produce lung granuloma (7). In contrast, injection (5, 6) . This reaction has been considered as a manifestation of an autoimmune disease. The arthritic changes are quite noticeable after 7 days, and are accompanied by an altered albumin to globulin ratio in the blood and by a lack of weight gain.
In the following experiment, groups of 10 rats were injected in their footpads with 0.1 ml of FIA containing either 2 or 5 mg/ml of M. tuberculosis H 37 Rv or 2 mg/ml of WSA. Two additional groups of controls received either saline alone or saline containing 2 mg/ml of WSA. All animals were killed 17 days later.
As can be seen in Table 5 , FIA administered with Mycobacteria produced a considerable increase of the volume of paws, a lack of gain in body weight, and a reversal of the albumin to globulin ratio. No such changes were observed when WSA was administered in saline. Administered with FIA, WSA also did not meaningfully affect the albumin to globulin ratio, or the body weight, and only moderately increased the paw volume. This last effect was due to the presence of FIA, as shown by the following experiment.
Groups of 10 rats were treated with 0.1 ml of FIA, to which was added either 5 mg/ml of BCG or 5 or 0.5 mg/ml of WSA. Two groups of controls receive either saline or FIA alone. The animals were killed 14 days later and the severity of arthritis was assessed by the increase in weight of the paws. It can be seen in Table 6 that even the high dose of 5 mg/ml of WSA did not significantly affect the body weight and produced only a slight arthritis, which was equal to that observed with FIA alone. On the other hand, the weight of the limb that had been injected with Mycobacteria and FIA was increased, and the gain in body weight was sharply reduced.
DISCUSSION
Certain organisms, such as Corynebacterium parvum and various Mycobacteria, stimulate both specific and nonspecific immunity to infectious agents and tumors (11) (12) (13) (14) and increase the effect of water-in-oil adjuvants such as FIA (15) . Furthermore, treatment with Freund's complete adjuvant reduces the incidence of oncogenic adenovirus (16) . Clinically, however, the use of such adjuvants considerably restricted, because they all may induce hyperreactivity to endotoxins, lymphoid hyperplasia, or autoimmune diseases such as polyarthritis (in rats). Mycobacteria, moreover, induce hypersensitivity to tuberculoprotein.
The experiments described in this paper confirm that the water-soluble extract of mycobacterial cell walls obtained by Adam et al. (1) is a potent immunological adjuvant for ovalbumin. In addition, our data demonstrate that this adjuvant activity also occurs with viral antigens and that these effects can be observed in the absence of toxic reactions, such as the increased susceptibility to endotoxin. Hyperreactivity to endotoxin in BCG-treated mice is not related to delayed or immediate hypersensitivity (17) , but is probably induced by cord factor (3), which is also responsible for granuloma fromation (7) and hypertrophy of various organs. Moreover, WSA, even added to FIA, does not induce tuberculin hypersensitivity nor polyarthritis. Hypersensitivity is due to the presence of tuberculin in whole mycobacterial cells and polyarthritis, in our opinion, may be due to the presence of cytotoxic components capable of liberating denatured host antigens in situ. All these undesirable mycobacterial factors are removed during isolation and purification of WSA. Furthermore, the biological properties of this preparation are not due to endotoxin contamination, since it is devoid of pyrogenicity in rabbits and lacks toxicity in adrenalectomized mice (unpublished data). Rats used were as in Table 5 .
In conclusion, WSA is a potent immunological adjuvant that is nontoxic, nonpyrogenic, does not sensitize to tuberculin, and does not produce allergic arthritis in rats. It is thus free of the untoward effects observed with whole mycobacterial cells. In the experiments reported here, this preparation was active only in the presence of paraffin oil. The use of mineral oil parenterally is a limitation in clinical application, although paraffin oil with mycobacterial adjuvants has recently been recommended for certain vaccines (18) . Experiments in progress indicate that WSA in saline potentiates the immune response to certain particulate antigens.
